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SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 

[TECHNICAL FIELD] 

The present invention relates to a contacting method among a plurality of films 
5 to be peeled, specifically, a contacting method among films to be peeled that include 
various elements. In addition, the present invention also relates to a semiconductor 
device having a semiconductor integrated circuit or a thin film transistor (hereinafter, 
referred to as a TFT) in which a film to be peeled is attached to a substrate and is fixed 
thereto. 

10 In this specification, the term "semiconductor device" refers to devices that can 

operate by utilizing semiconductor characteristics. A display device, a semiconductor 
circuit, and an electronic device using PDP, EL, or liquid crystal are all included in the 
semiconductor device. 

15 [BACKGROUND ART] 

As for a technique for forming a semiconductor integrated circuit, a TFT, or the 
like over an insulating substrate by using a semiconductor thin film, an attempt to use a 
flexible substrate typified by a flexible plastic film or the like as the insulating substrate 
has been made in recent years from the viewpoint of improving durability or reducing 

20 weight. 

However, compared with glass, quartz, or the like which is generally used as an 
insulating substrate at present, a plastic film has low heat resistance and has a limitation 
on processing temperature in a step of forming a TFT. Therefore, it is difficult to 
directly form a TFT over a plastic substrate and to obtain high properties. 

25 Then, a technique for peeling a TFT that is once formed over glass, quartz, or 

the like off a substrate and fixing to a plastic film or the like has recently been proposed 
(for example, Japanese Patent Laid-Open No. 8-288522). 

In this specification, the terms "film to be peeled" refer to a film including a 
semiconductor integrated circuit, a TFT, or the like which is once formed over glass, 

30 quartz, or the like. 
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quartz, or the like. 

[DISCLOSURE OF THE INVENTION] 
[PROBLEM TO BE SOLVED BY THE INVENTION] 
5 Reduction of total layout area, weight reduction, thinning, or the like can be 

realized by using a technique for fixing a film to be peeled to a plastic film or the like 
and by sequentially laminating a plurality of films to be peeled which are once 
separately formed. However, it is difficult to form a contact hole for connecting a film 
to be peeled to another film to be peeled at the time of laminating. 
10 The present invention has been made in view of the foregoing problem, and has 

an object to provide a contacting method when laminating a plurality of films to be 
peeled. 

[MEANS TO SOLVE THE PROBLEM] 

15 In a semiconductor device in which a plurality of films to be peeled are 

separately formed and laminated, a face on which two different films to be peeled that 
are sequentially laminated are in contact with each other has at least the same pattern 
made of a conductive material. The two different films to be peeled are connected, 
thereby realizing reliable contact having high degree of freedom. 

20 In a semiconductor device of the present invention, it is characterized by 

following. A film having an insulating layer, a conductive layer, and a semiconductor 
layer that is formed over a first substrate is peeled off the first substrate, and then, is 
fixed to a second substrate. A plurality of films to be peeled are laminated over the 
second substrate. A face on which two of the different films to be peeled that are 

25 sequentially laminated are in contact with each other has at least the same pattern made 
of a conductive material. 

According to the present invention, the film to be peeled may have at least one 
of a thin film transistor, a capacitor means, a resistor means, a memory element, a thin 
film diode, and a photoelectric conversion element. 

30 According to the present invention, a display portion including a plurality of 
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pixels arranged in a matrix may be included in the plurality of films to be peeled. 

According to the present invention, an EL element or liquid crystal may be 
used for the display portion. 

It is characterized in that a semiconductor device of the present invention 
5 comprises a first film and a second film which are sequentially laminated over a 
substrate, wherein the first film and the second film each have at least one insulating 
layer, one conductive layer, and one semiconductor layer, and a face on which the first 
film and the second film are in contact with each other is made of the conductive layer 
and at least has the same pattern. 
10 According to the present invention, the first film and the second film may have 

at least one of a thin film transistor, a capacitor means, a resistor means, a memory 
element, a thin film diode, and a photoelectric conversion element. 

According to the present invention, the first film and the second film may have 
a display portion including a plurality of pixels arranged in a matrix. 
15 According to the present invention, an EL element or liquid crystal may be 

used for the display portion. 

It is characterized in that a method for manufacturing a semiconductor device 
of the present invention comprises the steps of: forming a film having an insulating 
layer, a conductive layer, and a semiconductor layer over a first substrate; peeling the 
20 film having an insulating layer, a conductive layer, and a semiconductor layer off the 
first substrate; and laminating a plurality of the films having an insulating layer, a 
conductive layer, and a semiconductor layer over a second substrate, wherein a face on 
which the two different films having an insulating layer, a conductive layer, and a 
semiconductor layer are in contact with each other at least has the same pattern made of 
25 a conductive material, and the two different films are connected by contact of the same 
patterns with each other. 

It is characterized in that a method for manufacturing a semiconductor device 
of the present invention comprises the steps of: forming a peel layer over a first 
substrate; forming a film having an insulating layer, a conductive layer, and a 
30 semiconductor layer over the peel layer; peeling the film having an insulating layer, a 
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conductive layer, and a semiconductor layer off the first substrate; and laminating a 
plurality of the films having an insulating layer, a conductive layer, and a semiconductor 
layer over a second substrate, wherein a face on which the two different films having an 
insulating layer, a conductive layer, and a semiconductor layer are in contact with each 
5 other at least has the same pattern made of a conductive material, and the two different 
films are connected by contact of the same patterns with each other. 

According to the present invention, a step of removing the peel layer may be 
provided between the step of peeling the film having an insulating layer, a conductive 
layer, and a semiconductor layer off the first substrate and the step of laminating a 
10 plurality of the films having an insulating layer, a conductive layer, and a semiconductor 
layer over the second substrate. 

According to the present invention, the second substrate may have a flat 
surface or a curved surface. 

It is characterized in that a method for manufacturing a semiconductor device 
15 of the present invention comprises the steps of: forming a first film in which a first 
insulating layer, a first conductive layer, and a first semiconductor layer are formed over 
a first substrate; forming a second film having a second insulating layer, a second 
conductive layer having at least the same pattern as the first conductive layer, and a 
second semiconductor layer over a second substrate; fixing the first film to a third 
20 substrate after peeling the first film off the first substrate; and laminating the second 
film over the first film fixed to the third substrate after peeling the second film off the 
second substrate, wherein the first film and the second film are connected by contact of 
the same patterns with each other in the step of laminating. 

According to the present invention, the first conductive layer and the second 
25 conductive layer may each at least have the same pattern on a face on which the first 
film and the second film are in contact with each other. 

According to the present invention, a peel layer may be formed between the 
first substrate and the first film. 

According to the present invention, a step of removing the peel layer may be 
30 provided between the step of peeling the first film off the first substrate and the step of 
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fixing the first film to the third substrate. 

According to the present invention, a peel layer may be formed between the 
second substrate and the second film. 

According to the present invention, a step of removing the peel layer may be 
5 provided between the step of peeling the second film off the second substrate and the 
step of laminating the second film over the first film. 

According to the present invention, the third substrate may have a flat surface 
or a curved surface. 

It is characterized in that a method for manufacturing a semiconductor device 

10 of the present invention comprises the steps of: forming a first film in which a first 
insulating layer, a first conductive layer, and a first semiconductor layer are formed over 
a first substrate; forming a second film having a second insulating layer, a second 
conductive layer at least having the same pattern as the first conductive layer, and a 
second semiconductor layer over a second substrate; peeling the first film off the first 

15 substrate by fixing a third substrate to the first film; fixing the peeled first film to a 
fourth substrate; peeling the second film off the second substrate by fixing the second 
film to a fifth substrate; and laminating the peeled second film over the first film fixed 
to the fourth substrate, wherein the first film and the second film are connected by 
contact of the same patterns with each other in the step of laminating. 

20 According to the present invention, the first conductive layer and the second 

conductive layer may each at least have the same pattern on a face on which the first 
film and the second film are in contact with each other. 

According to the present invention, a peel layer may be formed between the 
first substrate and the first film. 

25 According to the present invention, a step of removing the peel layer may be 

provided between the step of peeling the first film off the first substrate and the step of 
fixing the first film to the fourth substrate. 

According to the present invention, a peel layer may be formed between the 
second substrate and the second film. 

30 According to the present invention, a step of removing the peel layer may be 
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provided between the step of peeling the second film off the second substrate and the 
step of laminating the second film over the first film. 

According to the present invention, the fourth substrate may have a flat surface 
or a curved surface. 

5 

[EFFECT OF THE INVENTION] 

Miniaturization of total layout area and a module, weight reduction, thinning, 
narrowing a frame of a display device, or the like can be realized by sequentially 
laminating a plurality of films to be peeled which are once separately formed over a 
10 plastic film or the like. Moreover, reliable contact having high degree of freedom is 
realized by forming each layer having a connection face of a conductive material and by 
patterning with the use of a photomask at least having the same pattern. In addition, 
the layer having a connection face can be used as a wiring layer. 

15 [BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG1 is a figure which shows an embodiment mode of the present invention. 
FIG2 is a figure which shows an embodiment mode of the present invention. 
FIG3 is a figure which shows a structural example of a display device to which 
the present invention is applied. 
20 FIGS. 4A to 4D are figures which show examples of electronic devices to 

which the present invention can be applied. 

FIG 5 is a comparative diagram of a conventional display device and a display 
device to which the present invention is applied. 

FIGS. 6 A to 6C are figures which show steps of an embodiment mode of the 
25 present invention. 

FIGS. 7 A to 7C are figures which show steps of an embodiment mode of the 
present invention. 

FIGS. 8A and 8B are figures which show steps of an embodiment mode of the 
present invention. 
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[BEST MODE FOR CARRYING OUT THE INVENTION] 

This embodiment mode is described with reference to FIG 1. 

A film to be peeled A 1001 and a film to be peeled B 1002, each of which is 
formed in advance over a substrate such as glass, are fixed to a substrate 1003 using a 
5 plastic film or the like to laminate the film to be peeled B 1002 and the film to be peeled 
A 1001 in this order. When the film to be peeled B 1002 is formed, a conductive film 
is formed as a top layer to be a contact face with the film to be peeled A 1001 and is 
patterned by using a photomask B to form a connecting portion B 1005. 

Further, when the film to be peeled A 1001 is formed, a conductive film is 
10 formed as a bottom layer to be a contact face with the film to be peeled B 1002 and is 
patterned by using a photomask A to form a connecting portion A 1004. The 
photomask A and the photomask B at least have the same pattern, and are contacted at 
every same pattern when laminated. The connecting portion A 1004 and the 
connecting portion B 1005 may have completely the same pattern, or may have the 
15 same pattern at least partially. 

When the films to be peeled are fixed, a filmy or pasty anisotropic conductive 
adhesive is interposed between the film to be peeled and the film to be peeled, thereby 
fixing the films to be peeled to each other. The anisotropic conductive adhesive is 
made of a mixture of an insulating adhesive material and a conductive filling material 
20 and has conductivity only in the direction of Z-axis. 

Reference numeral 2001 in FIG 2 shows an example of a cross-sectional view 
taken along a line x-x* in FIG 1, and reference numeral 2002 in FIG 2 shows an 
example of a cross-sectional view taken along a line y-y ? in FIG 1. 

For example, a film including a pixel portion of an EL display device is 
25 regarded as a film to be peeled A 2001, and a film including a driver circuit portion is 
regarded as a film to be peeled B 2002. A substrate 2003 is a substrate using a plastic 
film or the like. A connecting potion A 2004 is formed as a bottom layer of the film to 
be peeled A 2001, and a TFT 2005 and a wiring are formed over the connecting portion 
A 2004. A bank 2007 is formed on an edge of a pixel electrode 2008 that is connected 
30 to either a source electrode or a drain electrode of the TFT 2005. An EL layer 2009 is 
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formed over an opening of the pixel electrode 2008, and furthermore, an opposite 
electrode 2010 is formed thereover. 

A connecting potion B 2013 is formed as a top layer of the film to be peeled B 
2002, and a wiring 2012 and a TFT 2011 are formed therebelow. The film to be peeled 
5 B 2002 and the film to be peeled A are fixed to the plastic substrate 2003 in this order 
and are laminated. Since the connecting portion A 2004 and the connecting portion B 
2013 are formed to have at least the same pattern, they are contacted at every same 
pattern. A first wiring 2006 and a third wiring 2012 are made conductive and a second 
wiring 2007 and a fourth wiring 2013 are made conductive. The connecting portion A 
10 2004 and the connecting portion B 2013 may have completely the same pattern, or may 
have the same pattern at least partially. 

Moreover, the top layer and the bottom layer are a top layer and a bottom layer 
seen from a substrate side when laminated over the substrate 2003, and there is no need 
to be a top layer and a bottom layer when forming a film to be peeled. A protective 
15 film, a peel layer, or the like may be formed as needed and may be removed in a fixing 
step. 

More particularly, fixing and laminating steps are described with reference to 
FIGS. 6A to 8B. 

First, in a first step shown in FIG 6A, a first peel layer 6002, a second peel 
20 layer 6003, a film B 2002 including a driver circuit portion are formed over a first 
substrate 6001 using glass or the like. Subsequently, in a second step shown in FIG 
6B, a second substrate 6004 using glass or the like is fixed with a first adhesive 6005 
using a water-soluble adhesive or the like. The first substrate 6001 is peeled off the 
film B 2002 including a driver circuit portion with the film B 2002 including a driver 
25 circuit portion remained on a side of the second substrate 6004. At this time, the first 
substrate 6001 and the film B 2002 including a driver circuit portion are peeled off at a 
boundary surface between the first peel layer 6002 and the second peel layer 6003. 

Next, in a third step shown in FIG 6C, a second adhesive 6006 using an epoxy 
adhesive or the like is applied onto the substrate 2003, and the film B 2002 including a 
30 driver circuit portion is fixed thereto. Subsequently, the first adhesive 6005 is removed 
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by using water or the like, thereby peeling the second substrate 6004 off the film to be 
peeled B 2002. 

In a fourth step shown in FIG. 7 A, a third peel layer 7002, a fourth peel layer 
7003, a film A 2001 including a pixel portion are formed over a third substrate 7001 
5 using glass or the like. Subsequently, in a fifth step shown in FIG. 7B, a fourth 
substrate 7004 is fixed with a third adhesive 7005 using a water-soluble adhesive or the 
like. Then, the third substrate 7001 is peeled off the film A 2001 including a pixel 
portion with the film A 2001 including a pixel portion remained on a side of the fourth 
substrate 7004. At this time, the third substrate 7001 and the film A 2001 including a 
10 pixel portion are peeled off at a boundary surface between the third peel layer 7002 and 
the fourth peel layer 7003. 

Next, in a sixth step shown in FIG 7C, the fourth peel layer 7003 is removed 
by CMP (Chemical Mechanical Polishing). Subsequently, in a seventh step shown in 
FIG 8A, an anisotropic conductive adhesive 8001 is interposed between the film A 2001 
15 including a pixel portion and the film to be peeled B 2002 to fix. 

Thereafter, the third adhesive 7005 may be removed to peel the fourth substrate 
7004 off the film A 2001 including a pixel portion, and a sealing substrate 8002 using a 
plastic film or the like may be fixed with a fourth adhesive 8003. 

Further, CMP is employed to remove the peel layer in the above description; 
20 however, another mechanical technique or another scientific technique such as etching 
may also be employed. 

As a method for fixing films to be peeled to each other, the case of using an 
anisotropic conductive adhesive is described in this embodiment mode; however, the 
films to be peeled may be fixed by applying an adhesive to a top layer or a bottom layer 
25 of the film to be peeled. In this case, thickness of the adhesive needs to be adjusted so 
that connecting portions are connected with low resistance. In addition, the film to be 
peeled may be sealed by using an opposite substrate, and the films to be peeled may be 
fixed to each other with the adhesive used at the time or by applying pressure. 

In this embodiment mode, the case of laminating two films to be peeled is 
30 described. However, also in the case of laminating three or more films, at least the 
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same pattern made of a conductive material may be formed on a contact face of two 
different films to be peeled which are sequentially laminated and are in contact with 
each other, so as to be in contact. The pattern made of a conductive material may be 
completely the same, or may be at least partially the same. 
5 In addition, the EL display device is described here as an example; however, 

the present invention may be applied to other light emitting devices or to a liquid crystal 
display device. 

[Embodiment 1] 

10 A display device using a contacting method of this embodiment mode is 

described with reference to FIG 3. 

A film to be peeled C 3003 is a controller portion, which includes a power 
supply portion 3009 and a signal generating portion 3010. A film to be peeled B 3002 
is a driver circuit portion, which includes a first horizontal scanning line driver circuit 

15 3005, a second horizontal scanning line driver circuit 3006, a first vertical scanning line 
driver circuit 3007, and a second vertical scanning line driver circuit 3008. A film to 
be peeled A 3001 is a pixel portion, which includes a plurality of pixels 3004 arranged 
in a matrix. 

At the power supply portion 3009 in the controller portion, each power supply 
20 of a desired voltage is generated from a power supply supplied from a battery or an 
outlet, and is supplied to the driver circuit portion, the signal generating portion 3010, 
and the like. A power supply, a video signal, a synchronizing signal, and the like are 
applied to the signal generating portion 3010, and various signals are converted. In 
addition, a clock signal and the like are generated, and are supplied to the driver circuit 
25 portion. 

At the first horizontal scanning line driver circuit 3005 and the second 
horizontal scanning line driver circuit 3006 in the driver circuit portion, a pulse which 
sequentially selects a horizontal scanning line from the first row to the last row using 
the inputted power source, signal, and the like is generated, and is supplied to the pixel 
30 portion. At the first vertical scanning line driver circuit 3007 and the second vertical 
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scanning line driver circuit 3008, a video signal is converted with the use of the inputted 
power source, signal, or the like, and is supplied to the pixel portion. 

At the pixel portion, the video signal is inputted into each pixel with the use of 
the inputted selecting pulse, video signal, or the like, and an image is displayed. 
5 The same pattern made of a conductive material is formed as a bottom layer of 

the film to be peeled A 3001 and a top layer of the film to be peeled B 3002. The same 
pattern made of a conductive material is at least formed as a bottom layer of the film to 
be peeled B 3002 and a top layer of the film to be peeled C 3003. 

The film to be peeled C 3003, the film to be peeled B 3002, and the film to be 
10 peeled A 3001 are sequentially transferred to a plastic substrate 3011. The film to be 
peeled A and the film to be peeled B, and the film to be peeled B and the film to be 
peeled C can be in contact respectively by connecting portions of the same patterns 
made of a conductive material. 

Since area equivalent to the pixel portion can be used for the driver circuit 
15 portion, a layout with high degree of freedom can be obtained. 

[Embodiment 2] 

FIG 5A shows an example of a conventional display device, and FIG 5B 
shows an example of a display device using the present invention. 

20 A general display device has a controller portion, a driver circuit portion, a 

display portion, and the like. A conventional display device shown in FIG 5A has a 
driver circuit portion such as a vertical scanning line driver circuit 5002 and a horizontal 
scanning line driver circuit 5003, a display portion 5004, and a controller portion 5001 
including an IC chip or the like, which are all formed over a glass substrate 5005. 

25 A display device using the present invention shown in FIG 5B, has a film to be 

peeled C 5104 including a controller portion, a film to be peeled B 5103 including a 
driver circuit portion, and a film to be peeled A 5102 including a display portion 5101 
over a plastic substrate 5105. Compared with the conventional display device, the 
display device using the present invention is effective for miniaturizing the display 

30 device as a whole and narrowing a frame since the driver circuit portion, the controller 
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potion, and the display portion can be laminated and disposed. In addition, the display 
device using the present invention is also effective for thinning, reducing weight, and 
improving durability, since a plastic substrate or the like is used. 

In the case of applying the present invention to a transmissive liquid crystal 
5 display device, a film to be peeled including a back light portion using a light emitting 
element such as an EL element may be disposed below a film to be peeled including a 
display portion. 

A display device of the present invention can be used for a display portion of 
various electronic devices. Specifically, a display device of the present invention is 
10 preferably used for a mobile device that is required to be thin and lightweight. 

Such electric devices are specifically as follows: a personal digital assistant (a 
cellular phone, a mobile computer, a mobile game machine, an electronic book, or the 
like), a video camera, a digital camera, a goggle type display, a display unit, a 
navigation system, and the like. Specific examples of the electric devices are 
15 described with reference to FIGS. 4A to 4D. 

FIG 4 A shows a display unit, which includes a chassis 4001, a voice output 
portion 4002, a display portion 4003, and the like. A display device of the present 
invention can be used for the display portion 4003. The display device includes all 
display devices for displaying information, including ones for personal computers, for 
20 TV broadcasting reception, and for advertisement. 

FIG 4B shows a mobile computer, which includes a main body 4101, a stylus 
4102, a display portion 4103, operation buttons 4104, an external interface 4105, and 
the like. A display device of the present invention can be used for the display portion 
4103. 

25 FIG 4C shows a game machine, which includes a main body 4201, a display 

portion 4202, operation buttons 4203, and the like. A display device of the present 
invention can be used for the display portion 4202. 

FIG 4D shows a cellular phone, which includes a main body 4301, a voice 
output portion 4302, an audio input portion 4303, a display portion 4304, operation 

30 switches 4305, an antenna 4306, and the like. A display device of the present 
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invention can be used for the display portion 4304. 

As described above, the applicable range of the present invention is so wide 
that the present invention can be applied to electronic devices of various fields. 
Particularly, it is capable of thinning, reducing weight, miniaturizing a module, and 
narrowing a frame; therefore, it may be used for such a display device as shown in FIGS. 
4Ato 4D. 



